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Sir: 

I, PHILIP E. THORPE, HEREBY DECLARE AS FOLLOWS: 
1. I am a co-inventor of the subject matter disclosed and claimed in the captioned patent 
application. 



2. I am Professor of Pharmacology and hold the Serena S. Simmons Distinguished Chair in 
Cancer Immunopharmacology at the Simmons Comprehensive Cancer Center, The University of 
Texas Southwestern Medical Center at Dallas, Dallas, Texas, U.S.A. A copy of my Curriculum 
Vitae is attached as Exhibit A. 



3. I have reviewed the captioned patent application again. I understand the claims in the 
captioned patent application to be drawn to purified antibodies, or antigen-binding fragments 
thereof, which bind to phosphatidylserine (PS), preferably in an ELISA recited in the claims, and 
have the characteristics as defined in the claims; and to compositions comprising, hybridomas 
producing and methods for preparing such antibodies. 

4. I have reviewed the second Official Action issued by the U.S. Patent and Trademark 
Office (P.T.O.), the agency charged with assessing the patentability of the captioned patent 
application. 

5. I have also reviewed again the documents filed after the first Official Action in the 
captioned patent application, including the portion of such documents that revised the 
specification of the captioned patent application. 

6. In the second Official Action in the captioned patent application, I understand that the 
P.T.O. has questioned the earlier changes to the specification made in regard to the serum- 
dependence of antibodies other than the 3G4 antibody. 

7. Table 2 in the specification of the captioned patent application sets forth the isotype and 
serum-dependence of a number of antibodies that bind to PS. Table 2 originally listed the 3G4 
antibody and the 3B10 antibody as not being serum-dependent. 
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8. It has now been determined that binding of the 3G4 antibody to PS is serum-dependent. 
This is shown in two publications on which I am the senior author: Ran et al, Clin. Cancer Res., 
11:1551-1562, 2005 and Luster et al. 9 J. Biol Chem., 281(40):29863-29871, 2006. I understand 
that copies of Ran et al, 2005 and Luster et al, 2006 were provided to the P.T.O. in the 
captioned patent application as part of an Information Disclosure Statement (IDS), and that these 
publications have also been cited in the third Official Action. The Luster paper available when 
in press as www.jbc.org/cgi/doi/10.1074/jbc, M605252200:l-20, 2006 has subsequently been 
published as Luster et al, J. Biol Chem., 281(40):29863-29871, 2006, a copy of which is 
attached as Exhibit C. 

9. I am providing the present Declaration and the attached evidence to present experimental 
support demonstrating that binding of the 3B10 antibody to PS is also serum-dependent. 

10. Evidence of the fact that binding of the 3B10 antibody to PS is serum-dependent is 
presented in Exhibit B, which shows the results of ELIS A assays conducted in the presence and 
absence of serum. 

1 1 . The data of Exhibit B were generated from an ELISA conducted in accordance with 
Example IV of the specification, but adapted to more particularly compare binding to PS in the 
presence and absence of serum. The 3B10 antibody was purified using FPLC. Binding of 
antibody to PS in the presence of serum was assayed using fetal bovine serum, whereas binding 
of antibody to PS in the absence of serum was assayed using ovalbumin, i.e., an alternative to 
serum to provide the "blocking" function and prevent non-specific binding to the ELISA plate. 
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12. Briefly, PS was diluted to a concentration of 5 (ig/mL in hexane, dried on a 96-well 
ELISA plate (50 \il to each well) and evaporated at room temperature. The plate was blocked 
either with 200^1 of 1% ovalbumin in phosphate buffered saline, OVA/PBS (1%0VA), or 
200^1 of 10% fetal bovine serum in phosphate buffered saline, FBS/PBS (10%FBS) for 
1-2 hours at room temperature. The plates were washed three times with PBS. The 3B10 
antibody or a positive control antibody was diluted in 1% OVA/PBS and added to the plate. The 
positive control antibody is termed 2aG4, which is a mouse IgG2 a isotype of the 3G4 antibody of 
the captioned patent application. The starting concentration of antibody was 10 ^ig/ml and serial 
1:1 dilutions of the 10 |ig/mL antibody solutions were made in 1% OVA/PBS. The plates were 
sealed with plastic film, incubated for 1 hour at room temperature and washed three times with 
PBS. A 1:4000 dilution of goat anti-mouse antibody conjugated to horseradish peroxidase was 
prepared in 1% OVA/PBS and 100 \il added to each well. The plates were sealed with adhesive 
film, incubated for 1 hour at room temperature and washed three times with PBS. 100 |xl 
peroxidase substrate solution, OPD, was added to each well of the plate. The wells were 
incubated for 5 minutes, the color reaction was stopped using 0.18 M H2SO4 and absorbance at 
490 nrn was measured using a plate reader. 

13. Exhibit B shows the results of the ELISAs in the presence and absence of serum. As 
shown in Exhibit B, the 3B10 antibody binds to PS in the presence of fetal bovine serum (■), in 
contrast to the lack of meaningful binding in the presence of ovalbumin (□). The positive control 
antibody, 2aG4 (a mouse IgG2 a isotype of the 3G4 antibody), binds strongly to PS in the 
presence of fetal bovine serum (A), in contrast to the lack of binding in the presence of 
ovalbumin (A). The data in Exhibit B therefore show that binding of the 3B10 antibody to PS is 
serum-dependent. 
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14. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the captioned patent 
application or any patent issued thereon. 



July 9, 2007 
Date 
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EXHIBIT A 



Curriculum Vitae - EXHIBIT A 



Name: 

Place of Birth: 
Nationality: 
Home Address: 

Social Security #: 
EDUCATION: 
1962-1969 
1969-1972 

Academic Qualifications: 

Postgraduate Education: 
1972-1975 



Philip Edward THORPE 

Smethwick, Worcestershire, U.K. 

British (with U.S. Permanent Residency) 

5510 Morningside Drive 
Dallas, TX 75206 

452-99-7852 

Moseley Grammar School, Birmingham B17, U.K. 

University of Liverpool, U.K. 

First Class B.Sc (Hons) 
Degree in Pharmacology 
(Summa cum Laude) 



Medical Research Council Scholarship 
Division of Surgical Sciences 
Clinical Research Centre 
London, U.K. 

Ph.D. supervisors: Sir Peter Medawer, Dr. Stella Knight 



POSTDOCTORAL EMPLOYMENT: 



1975-1981 



1981 - 1991 



Medical Research Council Fellow 

Division of Biology 

Chester Beatty Research Institute 

Institute of Cancer Research 

Royal Cancer Hospital 

Fulham Road 

Chelsea 

London SW3 6JB, U.K. 

Director, Drug Targeting Laboratory 
Imperial Cancer Research Fund 
Lincoln's Inn Fields 
London WC2A 3PX, U.K. 



1991 - 1998 



Professor of Pharmacology 

Serena Simmons Distinguished Chair in Cancer Immunopharmacology 



Department of Pharmacology and 

Hamon Center for Therapeutic Oncology Research 

University of Texas Southwestern Medical Center 

5323 Harry Hines Boulevard 

Dallas, Texas 75235-8593 

1 998 - 1 999 Director of Oncology Research 

Associate Director of the Center for Molecular Medicine 
Maine Medical Center Research Institute 
125 John Roberts Road, Suite #5 
South Portland, Maine 04106 

1 999 - present Professor of Pharmacology 

Serena Simmons Distinguished Chair in Cancer Immunopharmacology 

Simmons Comprehensive Cancer Center and Hamon Center for 

Therapeutic Oncology Research 

University of Texas Southwestern Medical School 

NC7.340 

2201 Inwood Rd. 

Dallas, TX 75235-8794 

Telephone: 214 648-1268 or 214 648-1499 
Fax:214 648-1613 
philip.thorpe@utsouthwestern.edu 

UT SOUTHWESTERN GRADUATE PROGRAM APPOINTMENTS: 

Cell Regulation Graduate Program, UTSW 
Immunology Graduate Program, UTSW 

GRADUATE SCHOOL TEACHING (annual): 

Mechanisms of Drug Action Course (Director) 
Medical Pharmacology Course 
Human Biology and Disease Course 
Cancer Biology Course 
Physician's Assistant Course 

UT SOUTHWESTERN COMMITTEES 

Promotion and Tenure Committee, 1997-98 
Graduate Admissions Committee, 1994-96 

Clinical Research Scientific Review And Monitoring Committee, 1997-8 
Department of Cell and Molecular Biology Review Committee, 1997-8 
Radioactive Drug Research Committee, 2003-present 
American Cancer Society Institutional Review Group, 2004-present 



PROFESSIONAL SOCIETIES: 



American Association for Cancer Research 
American Association for Immunology 

American Society for Pharmacology and Experimental Therapeutics 
North American Vascular Biology Organization 
Sigma Xi 

Society for Biological Therapy 

SCIENTIFIC ADVISORY BOARDS: 

Scientific Advisory Board, Cytopharm Inc., Munich, Germany, 1990-1996 

Scientific Advisory Board, Texcellon Inc., Dallas, TX, 1990-1993 

Scientific Advisory Board, Peregrine Pharmaceuticals, Inc., Princeton, NJ, 1993-1997 

Scientific Advisory Board, Repair, Inc., Portland, ME, 1998-2000 

Scientific Advisory Board, Peregrine Pharmaceuticals, Inc., Tustin, CA, 1997-present 

Scientific Advisory Board, Arcus Therapeutics, Inc., Boston, MA, 2000-2002 

Founding Scientist, Peregrine Pharmaceuticals, Inc., Tustin, CA 

EDITORIAL BOARDS: 

IRCS Journal of International Research Communication, 1974-1984 

Advanced Drug Delivery Research Reviews, 1985-1992 

Antibody, Immunoconjugates and Radiopharmaceuticals, 1987-1995 

Bioconjugate Chemistry, 1989-present 

Journal of Drug Targeting, 1992-2000 

Therapeutic Immunology, 1992-present 

Angiogenesis, 1997-present 

Cancer Biotherapy and Radiopharmaceuticals, 2004-present 

INTERNATIONAL CONFERENCES ORGANIZED: 

Co-organizer (with Dr. G. Gregoriadis), NATO meeting on Receptor Mediated 
Targeting of Drugs, Greece, 1983 

Vice Chairman, Gordon Research Conference on Drug Carriers in Medicine and 
Biology, Ventura, CA 1996 

Chairman (with Dr. Ruth Duncan), Gordon Research Conference on Drug Carriers in 
Medicine and Biology, Ventura, CA, 1998 

Chairman, 1 st International Symposium on Vascular Targeting, Boston, MA, 2002 
Chairman, 2 nd International Symposium on Vascular Targeting, Miami, FL, 2004 

INVESTIGATIONAL NEW DRUG (IND) APPLICATIONS 

RFB4-SMPT-dgA for Treatment of B-lymphoma (with Dr. E. Vitetta), 1989 
RFT5-SMPT-dgA for Treatment of Hodgkin's Disease (with Dr. E. Vitetta), 1992 
Tarvacin™ for Treatment for Hepatitis C virus (with Peregrine Pharmaceuticals, Inc.), 2005 



HONORS AND AWARDS: 



Pierce Immunotoxin Award, 1988 

The State of Texas House of Representatives Resolution recognizing his contribution to 

cancer research, 1997. 
American Cancer Society 'Award of Excellence', 1999 

GRANTS (since 1991): 

Past 

Vascular Targeting; A New Approach to the Therapy of Solid Tumors; Dallas Biomedical 
Corporation; $161,832 direct for the period of October 1, 1991 -December 31, 1992. 

Heparin-Steroid Conjugates: A New Class of Angiogenesis Inhibitors for Clinical Applications: 
Dallas Biomedical Corporation; $134,613 direct for the period of October 1, 1991 to December 31, 
1992. 

Vascular Targeting: A New Approach to the Therapy of Solid Tumors; Elsa U. Pardee Foundation; 
$64,843 for the period of May 1, 1992-April 30, 1993. 

Vascular Targeting Program; Dallas Biomedical Corporation; $1 19,123 direct for the period of January 
1, 1993-June30, 1993. 

Recombinant Antibodies for Targeting the Vasculature of Solid Tumors; Elsa U. Pardee Foundation; 
$128,658 direct for the period of June 1, 1993-May 31, 1995. 

New Angiogenesis Inhibitors for the Therapy of Breast Cancer; American Cancer Society DHP-95; 
$150,000 direct for the period of July 1, 1993-June 30, 1995. 

Developmental project funded from Dr. John Minna's SPORE Grant 1 P50 CA709097 from the 
National Institutes of Health; $20,000 direct for the period of September 1, 1996-August 30, 1997. 

Holder of the Serena S. Simmons Distinguished Chair in Cancer Immunopharmacology, annual income 
$60,000. 

Vascular Targeting: A New Approach to the Therapy of Solid Tumors and Rheumatoid Arthritis; 
Anonymous Donor; $1,666,665 direct for the period of September 1, 1 992-December 3 1 , 1997. 

Mechanisms of drug action and disposition; National Institutes of Health T32-GM07062 (training 
grant, PI-Dr. Alfred Gilman); $54,000 direct for the period of September 1, 1994- August 31, 1999. 

Vascular Targeting Agents that Home to and Destroy or Coagulate Tumor Vasculature; Peregrine 
Pharmaceuticals; $480,000 for the period of December 1, 1 994-December 1, 1997. 

Vascular Targeting Agents for Infarcting Lung Cancer; Advanced Research Program from the State of 
Texas; $247,500 direct for the period of January 1, 1 996-December 31, 1997. 



Therapeutic Clotting to Destroy Solid Tumors; Advanced Technology Program from the State of 
Texas; $190,579 for the period of January 1, 1998-December 31, 1999. 

Angiogenesis Inhibitors for Therapy of Solid Tumors; National Institutes of Health 5-R01-CA59569; 
$781,718 direct for the period of December 15, 1993-November 30, 1999. 

Collateral Tumor Targeting; Sponsored Research Agreement with Techniclone Corporation; 
$1,050,000 direct for the period of April 1999-March 2001 

Immunotoxins for the Treatment of Hodgkin's Disease; National Institutes of Health 5-R01-CA54168; 
$820,052 direct for the period of April 1, 1991 -May 31, 2000. 

Targeting the Vasculature of Solid Tumors; National Institutes of Health 1-R01-CA74951; $728,529 
direct for the period of December 1, 1997-November 30, 2001. 

Specific coagulation of tumor vasculature. Texas Technology ARP grant; $200,000 

Present 

Novel anti-viral agents for treating Lassa fever. NIH, $1,798,285, 2003-08. 

Naked antibodies for treating cancer; Sponsored Research Agreement with Peregrine Pharmaceuticals, 
Inc., $500,000 per year direct (since 1999) 

Therapeutic clotting to destroy solid tumors; Gillson Longenbaugh Foundation, Houston, Texas; 
$50,000 per year 

Anti-angiogenic drugs for childhood brain cancer. Chesler Foundation, $10,000 per year. 

VEGF-rGel for targeting the vasculature of breast cancer ( M.Rosenblum, P.I). Dept. of Defense. 
$43,000 per year for 2002-5. 

Simmons Foundation, Serena S. Simmons Distinguished Chair in Cancer Immunopharmacology, 
$86,000 per year. 

Vascular Targeting Antibodies for Improving Chemotherapy of Prostate Cancer (P. Thorpe, PI). 
Department of Defense; $210,000 per year 

Synergy between anti-phosphatidylserine monoclonal antibody, 3G4 and docetaxel for treatment of 
breast cancer (X. Huang, PI; P. Thorpe, Co-PI), Susan Komen Foundation for Basic, Clinical and 
Translational Breast Cancer Research; $200,000 per year 

A strategy for enhancing the effect of radiation in the treatment of breast cancer (T. Luster, 
Fellowship). American Cancer Society; $80,000 per year 



PATENTS 



Issued 

1 . Heterobifunctional linking agents derived from N-succinimido-dithio-alpha methyl-methylene- 
benzoates (Inventor: P. Thorpe) 

U.S. Patent No. 4,880,935 

2. Purification of A-chain immunotoxins (Inventor: P. Thorpe) 

U.K. Patent No. 43606 P3474 

3. Methods and compositions for the treatment of Hodgkin's disease (Inventors: P. Thorpe and A. Engert) 

U.S. Patent No. 5,165,923 

4. Preparation and use of steroid-polyanionic polymer-based conjugates targeted to vascular endothelial 
cells (Inventor: P. Thorpe) 

U.S. Patent No. 5,474,765 
U.S. Patent No. 5,762,918 

5. Methods and compositions for targeting the vasculature of solid tumors (Inventors: P. Thorpe and F. 
Burrov/s) 

U.S. Patent No. 6,004,554 
U.S. Patent No. 5,965,132 
U.S. Patent No. 5,855,866 
U.S. Patent No. 5,776,427 
U.S. Patent No. 5,863,538 
U.S. Patent No. 6,051,230 
U.S. Patent No. 6,261,535 

European Patent No. 0 627 940 (17 countries, including France, Germany, U.K.) 

6. Antibodies that bind to endoglin (Inventors: P. Thorpe and F. Burrows) 

U.S. Patent No. 5,660,827 

7. VEGF-Gelonin for targeting the vasculature of solid tumors (Inventor: P. Thorpe) 

U.S. Patent No. 6,451,312 

8. Methods and compositions for the coagulation of tumor vasculature (Inventors: P. Thorpe and T. 
Edgington) 

U.S. Patent No. 6,093,399 
U.S. Patent No. 6,004,555 
U.S. Patent No. 5,877,289 
U.S. Patent No. 6,036,955 
U.S. Patent No. 6,749,853 

European Patent No. 0 771 216 (16 countries, including France, Germany, U.K.) 

Australian Patent No. 702250 

New Zealand Patent No. 288883 

Hungarian Patent No. 220347 

Singapore Patent No. 35823 

Mexican Patent No. 212,225 



9. Tissue Factor methods, compositions and combination for coagulation and tumor treatment (Inventors: 
P. Thorpe, S. King and B. Gao) 

U.S. Patent No. 6,156,321 
U.S. Patent No. 6,132,729 
U.S. Patent No. 6,132,730 

European Patent No. 0 988 056 (15 countries, including France, Germany, U.K.) 
Australian Patent No. 735187 
New Zealand Patent No. 336720 
Singapore Patent No. 66589 



10. Cancer treatment methods using antibodies to aminophospholipids (Inventors: P. Thorpe, S. Ran) 
U.S. Patent No. 6,406,693 
Australian Patent No. 771224 
New Zealand Patent No. 508950 



1 1 . Cancer treatment methods using therapeutic conjugates that bind to aminophospholipids (Inventors: P. 
Thorpe, S. Ran, R. Brekken) 

U.S. Patent No. 6,312,694 

European Patent No. 1 098 665 (15 countries, including France, Germany, U.K.) 
Australian Patent No. 750414 
Singapore Patent No. 781 1 1 
New Zealand Patent No. 508873 



12. Antibody and antibody conjugate compositions and kits for selectively inhibiting VEGF (Inventors: 
P. Thorpe, R. Brekken) 

U.S. Patent No. 6,342,219 
U.S. Patent No. 6,342,221 
U.S. Patent No. 6,416,758 
U.S. Patent No. 6,524,583 
U.S. Patent No. 6,676,941 
U.S. Patent No. 6,703,020 
Australian Patent No. 774287 
Australian Patent No. 763954 
European Patent No. 1 179 541 
South African Patent No. 2001/8612 
South African Patent No. 2001/8285 



Pending 

44 pending regular U.S. patent applications and 186 pending international patent applications 
directed to compositions and methods for the diagnosis and treatment of cancer and viral 
infections 



PUBLICATIONS:(Total = 173 plus 1 submitted) 



1. Thorpe, P. E. and Knight, S. C. (1974) Microplate culture of mouse lymph node cells. I. 
Quantitation of responses to allogeneic lymphocytes and phytomitogens. J. Immunol. Methods 
5:387-404. 

2. Thorpe P. E., Knight, S. C. and Farrant, J. (1976) Optimal conditions for the preservation of 
mouse lymph node cells in liquid nitrogen using cooling rate techniques. Cryobiology 13: 126- 
138. 

3. Thorpe, P. E., Ross, W. C. J., Cumber, A. J., Hinson, C. A., Edwards, D. C. and Davies, A. J. S. 
(1978) Toxicity of diphtheria toxin for lymphoblastoid cells is increased by conjugation to anti- 
lymphocytic globulin. Nature 271: 752-754. 

4. Ross, W. C. J., Thorpe, P. E., Cumber, A. J., Edwards, D. C, Hinson, C. A., and Davies, A. J. 
S. (1980) Increased toxicity of diphtheria toxin for human lymphoblastoid cells following 
covalent linkage to anti-(human lymphocyte) globulin or its F(ab*)2 fragment. Eur. J. Biochem. 
104:381-390. 

5. Davies, A. J. S., Edwards, D. C. and Thorpe, P. E. (1981) Introduction to a symposium on new 
trends in human immunology and cancer immunotherapy. In ? New Trends in Human 
Immunology and Cancer Immunotherapy', pp 1-7. 

6. Thorpe, P. E., Cumber, A. J., Williams, N., Edwards, D. C, Ross, W. C. J. and Davies, A. J. S. 
(1981) Abrogation of the non-specific toxicity of abrin conjugated to anti-lymphocyte globulin. 
Clin. Exp. Immunol. 43: 195-200. 

7. Thorpe, P. E., Brown, A. N. F., Ross, W. C. J., Cumber, A. J., Detre, S. I., Edwards, D. C, 
Davies, A. J. S. and Stirpe, F. (1981) Cytotoxicity acquired by conjugation of an anti-Thy 1.1 
monoclonal antibody and the ribosome-inactivating protein, gelonin. Eur. J. Biochem. 116: 447- 
454. 

8. Edwards, D. C. and Thorpe, P. E. (1981) Targeting toxins - the retiarian approach to 
chemotherapy. Trends in Biochemical Sciences, 313-316. 

9. Edwards, D. C, Smith, A., Ross, W. C. J., Cumber, A. J., Thorpe, P. E. and Davies, A. J. S. 

(1981) The effect of abrin, anti-lymphocyte globulin and their conjugates on the immune 
response of mice to sheep red blood cells. Experientia 37: 256-257. 

10. Skilleter, D. N., Paine, A. J. and Thorpe, P. E. (1981) Selective direction or ricin to hepatic 
parenchymal cells. Biochem. Soc. Transactions 10: 122-123. 

1 1 . Thorpe, P. E., Cumber, A. J., Davies, A. J. S., Edwards, D. C, Ross, W. C. J. and Smith, A. 

(1982) The immunosuppressive effects of anti-Thy 1.1 F(ab 1 )2 conjugated to abrin. In 
'Antibodies as Carriers of Anticancer Drugs or Toxins: Quo Vadis?' (F. K. Jansen and R. 
Roncucci, eds.) SANOFI, Montpellier, France, pp. 134-135. 

12. Thorpe, P. E., Brown, A., Cumber, A. J., Davies, A. J. S., Edwards, D. C, Ross, W. C. J. and 
Stirpe, F. (1982) Selective cytotoxicity with a conjugate of anti-Thy 1.1 antibody and gelonin. 



In 'Antibodies as Carriers of Anticancer Drugs or Toxins: Quo Vadis?' (F. K. Jansen and R. 
Roncucci, eds.) SANOFI, Montpellier, France, pp. 123-124. 

13. Edwards, D. C, Ross, W. C. J., Cumber, A. J., Mcintosh, D., Smith, A., Thorpe, P. E., Brown, 
A., Williams, R. H. and Davies, A. J. S. (1982) A comparison of the in vitro and in vivo 
activities of conjugates of anti-mouse lymphocyte globulin and abrin. Biochim. Biophys. Acta 
71:272-277. 

14. Edwards, D. C, Thorpe, P. E. and Davies, A. J. S. (1982) Antibody-toxin conjugates as 
potential therapeutic agents. In Targeting of Drugs 1 (G. Gregoriadis, J. Senior, and A. Trouet, 
eds.) Plenum Press, N. Y. and London, pp. 83-96. 

15. Thorpe, P. E., Ross, W. C. J. (1982) The preparation and cytotoxic properties of antibody-toxin 
conjugates. Immunol. Rev. 62: 119-158. 

16. Thorpe, P. E., Edwards, D. C, Davies, A. J. S., Ross, W. C. J. (1982) Monoclonal antibody- 
toxin conjugates: aiming the magic bullet. In 'Monoclonal Antibodies in Clinical Medicine 1 (A. 
McMichael and J. Fabre, eds.) Acad. Press, London, pp. 167-201. 

17. Thorpe, P. E., Mason, D. W., Brown, A. N. F., Simmonds, S. J., Ross, W. C. J., Cumber, A. J. 
and Forrester, J. A. (1982) Selective killing of malignant cells in a leukaemic rat bone marrow 
using an antibody-ricin conjugate. Nature 297: 594-596. 

1 8. Mason, D. W., Thorpe, P. E., Ross, W. C. J. (1982) Elimination of leukaemic cells from rodent 
bone marrow in vitro with antibody-ricin conjugates: implications for autologous marrow 
transplantation in man. Cancer Surveys 1: 389-415. 

19. Davies, A. J. S., Jansen, F. K., Olsnes, S., Thorpe, P. E., Wofsy, L. and Edwards, D. C. (1982) 
Antibodies as toxin carriers in cancer immunotherapy. In 'Current Chemotherapy and 
Immunotherapy' (Proceedings of the 12th Int. Congress of Chemotherapy, Vol. 2) (Periti, P. and 
Grassi, G. G. Eds.) pp. 1 141-1 143. 

20. Thorpe, P. E., Brown, A., Foxwell, B. and Myers, C. (1983) Blockade of the galactose-binding 
site of ricin by its linkage to antibody. In 'Monoclonal Antibodies and Cancer' (B. D. Boss, R. 
Langman, I. Trowbridge and R. Dulbecco, eds.) Acad. Press (London) Ltd., pp. 1 17-124. 

21 . Vodinelich, L., Myers., C, Sutherland, R., Thorpe, P. E. and Greaves, M. F. (1983) WT1 : a 
monoclonal antibody in T-cell acute lymphoblastic leukemia. Leukemia Reviews International 
1,263. 

22. Thorpe, P. E., Detre, S. I., Mason, D. W., Cumber, A. J. and Ross, W. C. J. (1983) Monoclonal 
antibody therapy: 'model' experiments with toxin conjugated antibodies in mice and rats. 
Haematology and Blood Transfusion 28: 107-1 11. 

23. Rennie, D. P., McGregor, A. M., Wright, J., Weetman, A. P., Hall, R. and Thorpe, P. E. (1983) 
An immunotoxin of ricin A chain conjugated to thyroglobulin selectively suppresses the 
antithyroglobulin autoantibody response. Lancet ii, 1338-1340. 



24. Thorpe, P. E., Ross, W. C. J., Brown, A. N. F., Myers, C. D., Cumber, A. J., Foxwell, B. M. J. 
and Forrester, J. A. (1984) Blockade of the galactose-binding sites of ricin by its linkage to 



antibody: specific cytotoxic effects of the conjugates. Eur. J. Biochem. 140: 63-71. 

25. Sikora, K., Smedley, H. and Thorpe, P. E. (1 984) Tumor Imaging and Drug Targeting. Brit. 
Med. Bull. 40: 233-239. 

26. Myers, C. D., Thorpe, P. E., Ross, W. C. J., Cumber, A. J., Katz, F. E., Tax, W., and Greaves, 
M. F. (1984) An immunotoxin with therapeutic potential in T cell leukemia: WTl-ricin A. 
Blood 63: 1178-1185. 

27. Foxwell, B. M. J., Ross, W. C. J. and Thorpe, P. E. (1984) Antibody-ricin conjugates: a method 
of linkage which blocks the galactose binding site of ricin. Behring Inst. Mitt., 74: 101-107. 

28. Thorpe, P. E. (1984) Antibody-toxin conjugates as anti-cancer agents. In 'Cancer 
Chemotherapy and Selective Drug Development 1 (Harrap, K. R., Davies, W. and Calvert, A. H. 
eds.) Martinus-Nijhoff Publishing Co., Boston, The Hague, Dordrecht and Lancaster, pp. 263- 
267. 

29. Paraskeva, C, Buckle, B. G. and Thorpe, P. E. (1985) Selective killing of contaminating human 
fibroblasts in epithelial cultures derived from colorectal tumours using an anti-Thy-1 antibody- 
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A promising target on tumor vasculature is phosphatidyl- 
serine (PS), an anionic phospholipid that resides exclusively on 
the inner leaflet of the plasma membrane of resting mammalian 
cells. We have shown previously that PS becomes exposed on the 
surface of endothelial cells (EC) in solid tumors. To target PS on 
tumor vasculature, the murine monoclonal antibody 3G4 was 
developed. 3G4 localizes to tumor vasculature, inhibits tumor 
growth, and enhances anti-tumor chemotherapies without 
toxicity in mice. A chimeric version of 3G4 is in clinical trials. 
In this study, wc investigated the basis for the interaction 
between 3G4 and EC with surface-exposed PS. We demon- 
strate that antibody binding to PS is dependent on plasma 
protein 0-2-glycoprotein 1 (02GP1). 02GP1 is a 50-kDa gly- 
coprotein that binds weakly to anionic phospholipids under 
physiological conditions. We show that 3G4 enhances binding 
of /32GP1 to EC induced to expose PS. We also show that diva- 
lent 3G4-/32GP1 complexes are required for enhanced binding, 
since 3G4 I ; ab' fragments do not bind EC with exposed PS. 
Finally, we demonstrate that an artificial dimeric 02GP1 con- 
struct binds to EC with exposed PS in the absence of 3G4, con- 
firming that antibody binding is mediated by dimerization of 
02GP1. Together, these data indicate that 3G4 targets tumor EC 
by increasing the avidity of /32GPI for anionic phospholipids 
through formation of multivalent 3G4-/32GP1 complexes. 



We recently reported the development of a monoclonal anti- 
body, 3G4, that targets anionic phospholipids exposed on the 
surface of tumor vascular endothelial cells (EC) 2 (1, 2). Phos- 
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phatidylserine (PS) is the most abundant anionic phospholipid 
of the plasma membrane and is considered the primary target of 
3G4. It is well established that PS is actively confined to the 
internal leaflet of the plasma membrane under normal condi- 
tions in most cell types (3). PS asymmetry is maintained by an 
ATP-dependent aminophospholipid translocase that catalyzes 
the transport of aminophospholipids from the external leaflet 
to the internal leaflet of the plasma membrane (4). Loss of PS 
asymmetry results from outward movement of aminophospho- 
lipids in response to increased Ca 2+ fluxes. This leads to inhi- 
bition of the translocase (5) and/or activation of an exporter of 
PS that transports PS to the outer membrane surface (6). Loss of 
asymmetry is observed under several physiological and patho- 
logical conditions, including apoptosis (7), cell activation (8), 
cell injury (9), and malignant transformation (10). 

Conditions in the tumor microenvironment contain a num- 
ber of factors that may activate and/or injure tumor EC as fol- 
lows: (a) tumor-derived interleukin-1 and tumor necrosis fac- 
tor-c* activate the endothelium and induce expression of cell 
adhesion molecules (11, 12); (b) reactive oxygen species (ROS) 
generated by leukocytes that adhere to the tumor endothelium 
(12); and (c) ROS generated by tumor cells as a by-product of 
metabolism (11, 13) or as a result of exposure to hypoxia fol- 
lowed by reoxygenation (14). In this regard, we have demon- 
strated that inflammatory cytokines, acidity, thrombin, hypox- 
ia/reoxygenation, and ROS all induce PS exposure on EC in 
vitro (15). Furthermore, we have shown that 3G4 and other 
anti-PS monoclonal antibodies (mAbs) localize to tumor ves- 
sels following intravenous injection into mice bearing various 
types of primary and metastatic tumors (1, 2, 15-17). The dis- 
tribution of these anti-PS mAbs was indistinguishable from 
that of annexin A5, which also binds PS (16). Importantly, these 
antibodies did not localize to vascular endothelium in non-tu- 
mor tissues. Phosphatidylserine-expressing EC in tumor ves- 
sels lack markers of apoptosis (active caspase-3, terminal 
deoxyribonucleotidyltransferase-mediated dUTP nick end 
labeling), are morphologically intact and metabolically active, 
and are able to transport blood and solutes (16). Thus, PS is a 
highly specific marker of functional, viable tumor endothelium. 
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3G4 treatment inhibits the growth of and metastatic spread 
of murine tumor allografts and human tumor xenografts (1), 
including orthotopic human breast tumors (2) and orthotopic 
human pancreatic tumors (18). When used in combination, 
3G4 enhances the therapeutic efficacy of the chemotherapeutic 
drugs docetaxel and gemcitabine for treatment of breast and 
pancreatic tumors, respectively (2, 18). Histological evaluation 
of 3G4-treated tumors shows increased infiltration of host 
immune effector cells (primarily macrophages), along with dis- 
integrated vessels, reduced vascularization, and increased cen- 
tral tumor necrosis. None of these phenomena is observed in 
control tumors, or normal organs taken from 3G4-treated 
mice. No toxicity has been observed in 3G4-treated animals as 
judged by extensive physiological, hematological, and histolog- 
ical examination, even at doses 10-fold higher than the thera- 
peutic dose ( 1). A human chimeric version of 3G4 is currently in 
phase I clinical trials for the treatment of patients with solid 
tumor malignancies. 

We reported previously that interaction between 3G4 and PS 
is dependent upon the plasma protein /3-2-glycoprotein 1 
(/32GP1) (1). /32GP1 is a member of the complement control 
protein family (19), consisting of five complement control pro- 
tein repeats (also known as Sushi domains) in which the first 
four domains are regular repeats consisting of ~60 amino acids. 
The fifth domain differs from the other four domains as it con- 
sists of 82 amino acids, including a conserved cluster of posi- 
tively charged amino acids (282-287) and a conserved hydro- 
phobic region (amino acids 311-317) responsible for binding of 
02GP1 to anionic phospholipids (20-23). Here we demon- 
strate that binding of 3G4 to EC with exposed PS is /32GPl-de- 
pendent, and we characterize the interaction required between 
3G4 and j32GPl for binding to EC with exposed PS. 

EXPERIMENTAL PROCEDURES 

Materials 

Dulbecco's modified Eagle's medium (DMEM) and trypsin/ 
EDTA were obtained from Mediatech, Inc. (Herndon, VA). 
Fetal bovine serum (FBS), normal human serum, normal rat 
serum, and normal mouse serum were obtained from Biomeda 
(Foster City, CA). Fresh human plasma was obtained from 
Carter Blood Care (Dallas, XX). Serum-free Hybridoma Media, 
Synthechol NSO supplement, L-a-phosphatidylserine (PS), 
bovine serum albumin (BSA), and ovalbumin from chicken egg 
white (OVA) were obtained from Sigma. DEAE-cellulose, hep- 
arin-Sepharose, and Hybond-P membranes were obtained 
from GE Healthcare. Protein C, protein S, and factor XII were 
obtained from Hematologic Technologies, Inc. (Essex Junction, 
VT). Tissue plasminogen activator and kininogen were 
obtained from Calbiotech (San Diego, CA). Oxidized low den- 
sity lipoprotein was obtained from Intracell Resources 
(Fredrick, MD). l-PaImitoyl-2-hydroxy-sw-glycero-3-phos- 
phocholine (lysophosphatidylcholine (LPC)) was obtained 
from Avanti Polar Lipids (Alabaster, AL). Ninety six-well 
Immulon-IB and -2HB microtiter plates were obtained from 
Thermo LabSystems (Franklin, MA). Tris-HCl gradient SDS- 
polyacrylamide gels and an Opti-4CN substrate kit were 



obtained from Bio-Rad. Eight-well glass chamber slides were 
obtained from BD Biosciences. 

Antibodies 

3G4, a mouse monoclonal antibody (mAb), was raised to 
bind the anionic phospholipid PS as described previously (1). 
3G4 was produced originally in hybridoma supernatant but was 
subsequently converted to a mouse IgG2a isotype and is now 
produced in the NSO mouse myeloma cell line. NSO cells were 
cultured in serum-free Hybridoma Media with Synthechol NSO 
supplement. A human IgGl chimeric version of 3G4 (ch3G4) 
has also been generated and is produced under serum-free con- 
ditions by Peregrine Pharmaceuticals, Inc. (Tustin, CA). The 
mouse anti-human 02GP1 (anti-|32GPl) mAb was obtained 
from USBiological (Swampscott, MA). A hybridoma secreting 
C44, a colchicine-specific mouse IgG2a mAb, was obtained 
from the American Type Culture Collection (Manassas, VA) 
and used as a control for 3G4 and anti-/32GPl. Rituximab 
(human IgGl chimeric mAb) was obtained from the University 
of Texas Southwestern pharmacy and used as a control for 
ch3G4. All antibodies produced in culture supernatants were 
purified as described previously (24). All secondary antibodies 
were obtained from Jackson ImmunoResearch (West Grove, 
PA). 

Preparation of Antibody Fragments 

3G4 F(ab') 2 was generated by incubation with pepsin. 3G4 
Fab' and control Fab' 7H11 (anti-adenovirus) were generated 
by reduction of F(ab') 2 counterparts. All antibody cleavage 
products were purified by fast protein liquid chromatography 
and verified by SDS-PAGE. 

Purification of$2GP1 from Human Plasma 

/32GP1 was purified from human plasma essentially as 
described previously (25, 26). Briefly, perchloric acid (70%) was 
added to pooled plasma to a final concentration of 1.57% (v/v). 
The precipitate was discarded, and the supernatant was 
adjusted to pH 7.5 with saturated Na 2 C0 3 , followed by exten- 
sive dialysis against 50 mM Tris, pH 8.0. This material was 
applied to a DEAE-cellulose column equilibrated with 50 mM 
Tris, pH 8.0, to remove contaminants. The DEAE column flow- 
through was then applied to a heparin-Sepharose affinity col- 
umn equilibrated with 50 mM Tris, pH 8.0, and bound proteins 
were eluted using 1.0 m NaCl. Finally, the /32GP1 preparation 
was dialyzed against PBS and purified further by protein A/G to 
remove contaminating IgG. The final preparation yielded a 
homogeneous 50-kDa protein, as shown by nonreduced SDS/ 
PAGE and Coomassie staining. 

Construction and Expression of Full-length and 
Domain-deleted Forms of Human &2GP1 (hp2GP1) 

Strategy— To generate pure recombinant full-length and 
deleted forms of hj32GPl, the yeast shuttle expression vector 
pPIC6aA (Invitrogen) and host strain Mut + X-33 (Invitrogen) 
were used. The expression vector contains the 5' promoter and 
the 3' transcription termination sequences of the alcohol 
(methanol) oxidase gene (AOX1). The vector also has a yeast 
a-mating factor signal sequence downstream of the AOX1 pro- 
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moter to which foreign cDNA can be fused for secretion of 
recombinant heterologous protein into the culture medium. 
Expression in Pichia pastoris provides glycosylation and disul- 
fide bond formation similar to that in mammalian cells. 

Generation of Expression Constructs— The following five 
expression constructs were made using hj32GPl cDNA: 1) 
the entire coding region of h/32GPl cDNA without its cog- 
nate signal peptide (domain 1-5, 5' primer used, 5'-GGAAT- 
TCGGACGGACCTGTCCCAAGC-3'); 2) domain 1 deleted 
(domain 2-5, 5' primer used, 5'-GGAATTCGTATGTC- 
CTTTTGC-3'); 3) domain 1 and 2 deleted (domain 3-5, 5' 
primer used, 5'-GGAATTCGCTCCCATCATCTGC-3'); 4) 
domain 1-3 deleted (domain 4 -5, 5' primer used, 5'-GGAAT- 
TCGTAAAATGCCCATTC-3'); and 5) domain 5 only (5' 
primer used; 5 ' -GG A ATTCGCATCTTG TAAAGTAC-3' ) . A 
common 3' primer, 5'-TTCTAGATTAGCATGGCTTTAC- 
3', was used for PGR of all fragments. PCR-amplified fragments 
were inserted in-frame between the EcoRI and Xbal restriction 
sites of pPICarA, directly downstream from the a-mating factor 
signal sequence. A stop codon was introduced at the end of each 
fragment to prevent fusion of the recombinant proteins to a 
c-Myc epitope or a His tag at the C terminus. Plasmid con- 
structs were propagated in Escherichia coli in the presence of 
100 /xg/ml blasticidin and verified by restriction analysis and 
nucleotide sequencing. Recombinant proteins expressed by 
constructs 1-5 encoded proteins of —36, 29, 24, 16, and 9 kDa, 
respectively, before glycosylation. 

Transformation and Screening of Expression Clones— The 
recombinant plasmid constructs were linearized with restric- 
tion enzyme Sacl and purified, and 10 /xg was used to transform 
host strain X-33 by the spheroplasts method (Invitrogen). 
Transformants for each of these constructs were selected on 
YPD (yeast extract peptone dextrose medium) plates contain- 
ing 400 /Lig/ml blasticidin for 4 days. Several clones for each of 
these constructs were restreaked on YPD plates with 400 fxg/m\ 
blasticidin to determine the true integrants. Ten clones of each 
construct were then streaked on Minimal Dextrose (MD) and 
Minimal Methanol (MM) plates. Five clones of each construct, 
growing equally well on both MD and MM plates, were then 
grown in liquid MD and MM medium for 24, 48, 72, 96, and 
120 h. Supernatants and pellets for each clone at each time 
point were analyzed by Western blot using anti-h/32GPl 
polyclonal antibody. Clones that showed highest expression 
of the protein in supernatant were further used for large 
scale preparation. 

Large Scale Purification of the Recombinant Proteins— Re- 
combinant proteins were produced using culture conditions 
recommended by Invitrogen. A starter culture of each clone 
was cultured in 5 ml of buffered minimal glycerol-complex 
medium (BMGY) at 30 °C with vigorous shaking overnight. 
Cells were collected, used to inoculate 25 ml of BMGY, and 
grown for 2 days. Cells from the 25-ml culture were then used to 
inoculate 1 liter of buffered minimal methanol-complex 
(BMMY) medium (1.0% methanol). Culture was continued for 
4 days at 30 °C with vigorous shaking, and 100% methanol was 
added every 24 h (final concentration of 1.0%) to maintain pro- 
tein expression. Culture medium was clarified by centrifuga- 
tion (4000 X g t 15 min), and supernatant was dialyzed for 2 days 



at 4 °C in 50 mM Tris buffer before being applied to a DEAE- 
Sephacel column equilibrated with 50 mM Tris buffer. Flow- 
through solution was collected and applied to a heparin-Sepha- 
rose column. /32GP1 was eluted from heparin-Sepharose 
column with 1 m NaCl, dialyzed against 50 mM Tris buffer, 
concentrated using Amicon concentrator, and analyzed by 
Western blot. The N terminus of each protein was sequenced to 
confirm cleavage of the a-factor leader sequence. Protein yields 
varied from 10 mg/liter (full-length 02GP1) to 25 mg/liter 
032GP1 domain V). 

Preparation of "Nicked" hfteGPI 

Nicked h|32GPl was prepared from intact /32GP1 purified 
from human plasma as described above. h/32GPl was incubated 
with plasmin-coated beads at 37 °C for 17 h. The beads were 
removed by centrifugation, and the supernatant containing the 
cleaved protein was recovered. Western blotting of the purified 
product indicated the nicked 02GP1 preparations were plas- 
min-free and did not contain plasmin autoproteolytic products 
(no reactivity with anti-plasmin or anti-angiostatin antibodies). 
N-terminal sequence analysis revealed two N termini that cor- 
responded to the N terminus of j32GPl, and a new sequence 
was generated at the Lys-317/Thr-318 cleavage site. 

Anti-PS ELISA 

The assay was performed as described previously (1) with the 
following modifications. PS-coated Immunlon IB microtiter 
plates were blocked overnight in 1% OVA (w/v). The following 
day, serial 2-fold dilutions of 3G4 were prepared from an initial 
concentration of 13.33 nM. Dilutions were performed in 1% 
OVA or 10% nonheat-inactivated sera from cow, human, rat, or 
mouse. Plates were incubated for 1 h at 37 °C, and binding of 
3G4 was detected as described previously (1). All ELISA exper- 
iments were performed at least three times, and representative 
figures are shown. 

Anti-hp2GP1 ELISA 

The assay was performed as described above with the follow- 
ing modifications. h/32GPl, nicked h/32GPl, or recombinant 
h|32GPl were coated on 96-well Immunlon 2HB microtiter 
plates overnight at a concentration of 10 jug/ml. Plates were 
then blocked in 1% OVA for 1 h at room temperature. 3G4, 
ch3G4, or anti-j32GPl were diluted in 1% OVA to an initial 
concentration of 13.33 nM, and serial 2-fold dilutions were pre- 
pared. Plates were incubated for 1 h at 37 °C, and antibody 
binding was detected as described previously (1). All ELISA 
experiments were performed at least three times, and repre- 
sentative figures are shown. 

Western Blot 

Protein samples were heated to 95 °C for 5 min in nonreduc- 
ing SDS sample buffer. The samples were then loaded onto a 
4-15% Tris-HCl gradient SDS-polyacrylamide gel and sepa- 
rated using a Mini Protean II apparatus (Bio-Rad). Separated 
proteins were transferred to a polyvinylidene difluoride mem- 
brane and blocked overnight in 3% BSA (w/v). Membranes were 
probed with anti-/32GPl, 3G4, or control mouse IgG diluted to 
1 /Ag/ml in 3% BSA, washed thoroughly, and incubated with 
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FIGURE 1 . 3G4 binds plasma protein 02GP1.A microtiter plate was coated with PS and blocked in 1 % OVA. Serial dilutions of 3G4 were performed in 1 % OVA 
or 1 0% serum from the mammalian species Indicated in the legend. B, microtiter plate was coated with /32GP1 purified from human plasma and blocked in 1 % 
OVA. Serial dilutions of a commercial mouse anti-02GP1, 3G4, and a control mlgG were performed in 1%OVA.C, wells of a microtiter plate were coated with 
recombinant full-length h/32GP1 [domain l-V) or h/32GP1 proteins missing domain I (//-!/), domains I and II {lll-V), domains kill (IV-V), or domains l-IV {V). The 
plate was blocked in 1% OVA, and serial dilutions of 3G4 were performed in 1% OVA. D, purified h/32GP1 and 10% human serum {10% HS) were run on an 
SDS-polyacrylamide gel and transferred to a membrane support. Protein was detected by immunoblot with anti-02GP1, 3G4, or control mlgG. 



peroxidase-labeled goat anti-mouse IgG. Finally, membranes 
were developed using an Opti-4CN substrate kit. 

Induction and Detection of PS Exposure on Endotheiiai Cells 

Detection with Antibodies— Adult bovine aortic endothelial 
(ABAE) cells were maintained in DMEM supplemented with 
10% FBS and 2 mM L-glutamine. ABAE cells were removed 
from subconfluent cultures by brief exposure to 0.25% tryp- 
sin, 0.02% EDTA, and 8-well chamber slides were seeded 
with 2 X 10 4 cells/well. Following overnight culture, cells 
were washed gently with PBS and treated with 200 jam LPC to 
induce PS exposure. LPC treatment was performed in the 
presence of 3G4, ch3G4, or control IgG (all at 2 /xg/ml) for 30 
min at 37 °C in either 10% FBS or 10% normal mouse serum. 
When LPC treatment was performed in 10% mouse serum, 
h/32GPl was added as a co-factor because 3G4/ch3G4 does 
not bind PS in mouse serum (see "Results"). Binding of anti- 
bodies to cells with exposed PS was determined by immuno- 
fluorescence staining. Ceils were washed thoroughly in PBS, 
fixed in 4% paraformaldehyde (w/v), and incubated with a 
biotin-conjugated anti-mouse secondary antibody. Next, 



cells were incubated with FITC-conjugated streptavidin 
(Jackson ImmunoResearch) to detect antibody binding. 
Finally, cells were permeabilized with 0.1% Triton X-100 in 
PBS and counterstained with Texas Red-conjugated phalloi- 
din (Molecular Probes, Eugene, OR) and 4', 6-diamidino-2- 
phenylindole (DAPI; Molecular Probes). Images were cap- 
tured at a magnification of X200 using a Coolsnap digital 
camera (Photometries, Tucson, AZ) mounted on a Nikon 
Eclipse E600 microscope and analyzed with MetaVue soft- 
ware (Universal Imaging Corp., Downingtown, PA). 

Detection with Artificial Dimeric h(S2GPl Constructs— Di- 
meric hj32GPl constructs apple4-C321S-/32GPl (h)32GPl 
dimer) and apple4-C321S-j32GPl-W316S (mutant h/32GPl 
dimer) were generated as described previously (27). ABAE cells 
were induced to exposed PS as described above. LPC treatment 
was performed in the presence of monomeric purified plasma 
hj32GPl, h)32GPl dimer, or mutant h/32GPl dimer (all at 2 
/ig/ml) for 30 min at 37 °C in 10% FBS. Cells were then washed 
thoroughly with PBS and fixed in 4% paraformaldehyde (w/v). 
Binding of the h/32GPl constructs to cells with exposed PS 
was detected with anti-/32GPl, followed by staining with 
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appropriate immunofluorescent secondary detection re- 
agents as described above. 

Quantification of Antibody Binding to ABAE Cells 

The area of antibody binding was determined using MetaVue 
image analysis software, which is able to quantify the number of 
illuminated pixels in an image. Images of FITC fluorescence 
were used to quantify antibody binding. Corresponding images 
of DAPi fluorescence were used to normalize the FITC images 
for the number of cells present in the field. A small FITC/DAPI 
ratio indicates a small antibody binding area, whereas a large 
FITC/DAPI ratio indicates a large binding area. The FITC/ 
DAPI ratios were used to determine increases or decreases in 

TABLE 1 

Screening 3G4 for reactivity with serum proteins known to interact 
with phospholipids 



Scrum protein 



3G4 reactivity 1 



Annexin V 
02GP1 
Factor XII 
Kininogen 

Oxidized low density lipoprotein 

Protein C 

Protein S 

Prothrombin 

tPA fe 



1 Equal amounis of indicated protein were coated on microliter plates, blocked in 1% 
OVA, and incubated with 3G4 at 1 /xg/ml. Plates were washed thoroughly, and 
antibody binding was detected as described under "Materials and Methods." + 
indicates an reading above 0.2, which is indicative of 3G4 binding. All exper- 
iments also included positive and negative control antibodies, which worked as 
expected. 

tPA indicates tissue plasminogen activator. 
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FIGURE 2. 3G4 binds to the surface of EC treated with lysophosphatidylcholine to induce PS exposure. 

ABAE cells weie incubated with 3G4 or control mlgG in DMEM + 1 0% FBS in the presence or absence of 200 yM 
LPC for 30 min. Cells were then washed, fixed, and stained with fluorescent markers to visualize binding of 
antibody to the cell surface. Non-LPC-treated (A) and LPC-treated (8) cells incubated with 3G4 are shown at 
X200 magnification {inset is at X400). The cytoskeleton appears red; nuclei appear blue, and 3G4 binding 
appears green. C, the pixel area of 3G4 or mlgG binding was quantified using MetaVue software. All values are 
relative to the binding of 3G4 to non-LPC-treated cells, which was arbitrarily set to 1 . 



antibody binding area relative to a basal amount of antibody 
binding under the selected conditions. Five images at X200 
magnification were used for each analysis. Data are presented 
as average relative FITC/DAPI ratios with error bars represent- 
ing the standard deviation. 

RESULTS 

3G4 Binds Serum Glycoprotein &2GP1— 3G4 bound to PS- 
coated microtiter plates when serial dilutions were performed 
in 10% bovine serum (Fig. L4). In contrast, no 3G4 binding 
occurred when serial dilutions were performed in 1% OVA. 
This finding suggests that a factor present in bovine serum 
mediates the interaction between 3G4 and PS. To determine 
whether sera from other mammalian species can mediate the 
interaction between 3G4 and PS, serial dilutions of 3G4 were 
also performed in 10% mouse, rat, or human serum. 3G4 bound 
PS in the presence of rat and human serum but not in the pres- 
ence of mouse serum (Fig. \A). 3G4 also bound PS in the pres- 
ence of hamster, ferret, guinea pig, rabbit, and monkey serum 
(data not shown). Therefore, with the exception of mouse, the 
serum protein epitope recognized by 3G4 seems to be con- 
served among mammalian species. 

Because 3G4 was raised against EC induced to expose PS, it is 
possible that the reactivity of 3G4 is directed against serum 
proteins that bind PS. To test this possibility, microtiter plates 
were coated with a panel of known PS-binding proteins, and the 
reactivity of 3G4 against these proteins was determined. 3G4 
bound only to /32GP1 (Table 1 and Fig. IB). To determine 
which domain of j32GPl is recognized by 3G4, five recombi- 
nant hj32GPl proteins were gener- 
ated. These proteins lack various 
N-terminal domains because of 
serial truncations from the N termi- 
nus. Each protein was coated on a 
microtiter plate and incubated with 
a serial dilution of 3G4. Only pro- 
teins containing domain II of 
h/32GPl were detected by 3G4 (Fig. 
1C). To determine whether 02GP1 
is the only serum protein recog- 
nized by 3G4, purified h)32GPl and 
10% human serum were run on an 
SDS-poiyacryiamide gel and trans- 
ferred to a membrane support for 
immunoblot. 3G4 detected the 
50-kDa purified h/32GPl and a sin- 
gle band of similar size in human 
serum (Fig. ID). Importantly, the 
3G4 immunoblot is virtually identi- 
cal to a blot generated using an anti- 
02GP1 antibody. A control mlgG 
antibody did not detect any protein. 
Together, these data demonstrate 
that 3G4 binds 02GP1, and binding 
is dependent upon domain II. 

&2GP1 Is Required for Binding of 
3G4 to EC with Exposed PS— A live 
cell binding assay was developed to 
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ch3G4 

1 st incubation: ch3G4 + h[32GP1 

HP2GP1 

2- incubation: ™« ch3G4 

FIGURE 3. ch3G4 and 02GP1 must be present simultaneously to bind EC 
with exposed PS. ABAE cells were incubated for 30 min with 200 iam LPC in 
DMEM + 10% mouse serum, plus (i) ch3G4 only, (ii) ch3G4 + h/32GP1, or (iii) 
h/32GP1 only. Cells were then washed and incubated for 30 min in DMEM + 
10% mouse serum, plus (i) nothing, (ii) nothing, or (iii) ch3G4, respectively. 
The cells were then washed, fixed, and stained with fluorescent markers to 
detect binding of ch3G4. ch3G4 and h/32GP1 were used at a concentration of 
2 /Ag/ml. The pixel area of ch3G4 binding was quantified using MetaVue soft- 
ware. Values are relative to the binding of ch3G4 under condition i, which was 
arbitrarily set to 1. 

detect and measure 3G4 binding to EC membrane surfaces 
with exposed PS. When 3G4 was added to ABAE cell culture 
media under normal conditions, no binding to the cells was 
observed (E ; ig. 2/1). However, when ABAE cells were incu- 
bated with 3G4 in the presence of the membrane-disrupting 
agent LPC, numerous pinpoints of 3G4 binding were readily 
detectable (Fig. 2B). LPC is known to induce temporary 
membrane distortions (28), which likely cause a loss of mem- 
brane asymmetry and exposure of PS. In this regard, similar 
results were obtained using the PS-binding protein annexin 
A5 (data not shown). LPC-treated ABAE cells were not 
stained by the membrane-impermeant dyes propidium 
iodide or DAP1 (data not shown), indicating 3G4 and 
annexin A5 bound PS exposed on the cell surface following 
LPC treatment. The area of 3G4 binding increased more 
than 500-fold upon LPC treatment, whereas binding of a 
control mlgG remained undetectable (Fig. 2C). 

To determine whether 02GP1 is required for binding of 
3G4 to EC with exposed PS, the live cell binding assay was 
performed in media containing 10% mouse serum instead of 
10% FBS to prevent interference from bovine /32GP1. For 
this experiment, a human chimeric 3G4 (ch3G4) was used to 
exclude nonspecific background caused by detection of 
murine IgG present in mouse serum. Similar to the results 
shown in Fig. 1, 3G4 did not bind LPC-treated EC in the 
presence of mouse serum (Fig. 3). In contrast, addition of 
purified h^2GPl to the cells supported widespread binding 
of ch3G4. Interestingly, when ABAE cells were incubated 
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FIGURE 4. The lipid binding region of 02GP1 is required to mediate bind- 
ing of ch3G4 to EC with exposed PS. A, ABAE cells were incubated with 
ch3G4 plus (i) a non-lipid binding form of 02GP1 (nicked h/32GP1 ) or (ii) intact 
h/32GPl . The incubations were performed in the presence or absence of 200 
/im LPC in DMEM + 10% mouse serum for 30 min. Cells were then washed, 
fixed, and stained with fluorescent markers to detect binding of ch3G4. 
ch3G4, hj32GP1, and nicked h/32GP1 were used at a concentration of 2 /xg/ml. 
The pixel area of ch3G4 binding was quantified using MetaVue software. Val- 
ues are relative to the binding of ch3G4 under condition (i), no LPC, which was 
arbitrarily set to 1 . B, the wells of a microtiter plate were coated with h/32GP1 
or nicked h/32GP1 and blocked in 1% OVA. Serial dilutions of ch3G4 or a 
control hlgG were performed in 1% OVA. 

with hj32GPl in the presence of 10% mouse serum and LPC, 
washed thoroughly, and then incubated with ch3G4 to 
detect binding of h/32GPl, very little ch3G4 binding was 
observed. This finding suggests that h/32GPl does not bind 
strongly to EC with exposed PS in the absence of ch3G4 and 
is consistent with reports that /32GP1 has a low affinity for 
anionic phospholipid membrane surfaces under physiologic 
conditions (29, 30). Alternatively, excess mouse /32GP1 pres- 
ent in the mouse serum could compete for binding of h/3GPl, 
but this possibility is unlikely because similar results were 
obtained when the experiment was performed under serum- 
free conditions (data not shown). In all situations, ch3G4 
binding was dependent upon LPC treatment, and no binding 
was detected using a control human IgG of irrelevant speci- 
ficity. Together, these data show that ch3G4 and h]32GPl 
must be present simultaneously to bind ABAE cells with 
exposed PS, suggesting that cross-linking of )32GP1 mole- 
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FIGURE 5. 3G4 divalency is required for 02GP1 -mediated binding to EC with exposed PS. A, ABAE cells were incubated for 30 min with 200 jxm LPC, 
40 nM purified h/32GP1, and increasing concentrations of ch3G4 in DMEM + 10% mouse serum. Cells were then washed, fixed, and stained with 
fluorescent markers to detect binding of ch3G4. The pixel area of ch3G4 binding was quantified using MetaVue software. Values are relative to the 
binding of 320 pM ch3G4, which was arbitrarily set to 1. B, ABAE cells were incubated for 30 min with 20 nM 3G4 F(ab') 2 or 3G4 Fab' monomer in the 
presence 200 /im LPC in DMEM + 1 0% FBS. Cells were then washed, fixed, and stained with fluorescent markers to detect binding of the 3G4 fragments. 
The pixel area of antibody binding was quantified using MetaVue software. Values are relative to the binding of 3G4 in the absence of LPC (not shown), 
which was arbitrarily set to 1. C ABAE cells were incubated for 30 min with 200 jam LPC, 40 nM purified h/32GP1, 20 nM ch3G4, and increasing 
concentration;; of 3G4 Fab' monomer in DMEM + 10% mouse serum. Cells were then washed, fixed, and stained with fluorescent markers to detect 
binding of ch3G4. The pixel area of ch3G4 binding was quantified using MetaVue software. Values are relative to the binding of ch3G4 without 
competing 3G4 Fab', which was arbitrarily set to 1 00. 



cules by ch3G4 enhances the avidity of /32GP1 for anionic 
phospholipid surfaces. 

The Lipid Binding Region offi2GPl Is Required for p2GPl- 
mediated Binding of ch3G4 to EC with Exposed PS— To 
determine whether the lipid binding region of /32GP1 medi- 
ates binding of 3G4 to anionic phospholipids exposed on the 
surface of ABAE cells following LPC treatment, the live cell 
binding assay was performed using plasmin nicked hj32GPl. 
Nicked h/32GPl does not bind anionic phospholipids 
because plasmin-mediated cleavage of domain V abrogates 
lipid binding (23, 31). When ABAE cells were incubated with 
ch3G4 and hj32GPl or nicked h/32GPl in the absence of LPC, 
no ch3G4 binding was detected (Fig. 4>l). In the presence of 
LPC, hj32GPl mediated the binding of ch3G4 to ABAE cells 
with exposed PS, whereas nicked h/32GPl did not. The lack 
of binding in the live cell assay was not because of an inability 
of ch3G4 to bind nicked h)32GPl, because ch3G4 bound 
nicked h/32GPl as strongly as h/32GPl when binding was 
assessed by ELISA (Fig. 45). These findings demonstrate that 
the ch3G4-h)32GPl complex detects anionic phospholipids 
exposed on ABAE cells following LPC treatment through the 
lipid binding region of domain V. 

Antibody Divalency Is Required for $2G PI -mediated Bind- 
ing of ch3G4 to EC with Exposed PS— The results presented 
above suggest 3G4 detects PS by enhancing the avidity of 
/32GP1 for anionic phospholipids exposed on the surface of 
EC. To determine whether divalency is required for binding 
of 3G4-/32GP1 complexes to anionic phospholipids, LPC- 
treated ABAE cells were incubated with purified h/32GPl 
and increasing concentrations of ch3G4. ch3G4 binding 
increased in a concentration-dependent manner until excess 
ch3G4 began to inhibit binding (Fig. 5A). The bell-shaped 
relationship between the concentration of ch3G4 and bind- 



ing to EC with exposed PS suggests the formation of mono- 
meric ch3G4-/32GPl complexes at very high antibody con- 
centrations. The inability of these monomeric complexes to 
bind anionic membrane surfaces would explain the observed 
decrease in the amount of ch3G4-/32GPl complex bound to 
the LPC-treated ABAE cells. Therefore, the ability of 3G4 
F(ab') 2 an d 3G4 Fab' monomers to bind LPC-treated ABAE 
cells was determined. As expected, 3G4 F(ab') 2 bound to EC 
with exposed PS, but binding of 3G4 Fab' was negligible (Fig. 
SB). No binding of 3G4 Fab' was detectable on ABAE cells 
even at a concentration of 2 fiM, which is 1000-fold above the 
concentration required to bind /32GP1 coated on microtiter 
plates (data not shown). Finally, 3G4 Fab' inhibited ch3G4/ 
]32GP1 binding to LPC-treated ABAEcells in a concentration- 
dependent manner (Fig. 5C), whereas a control Fab' of irrel- 
evant specificity did not (data not shown). The ability of 3G4 
Fab' to inhibit the binding of ch3G4 indicates that 3G4 Fab' 
binds /32GP1 and that monomeric 3G4 Fab'-/32GP1 com- 
plexes do not bind EC with exposed PS. 

Artificial Dimeric fi2GPl Construct Binds to EC with 
Exposed PS— The findings described above indicate that 
binding of 3G4-/32GP1 complexes to EC with exposed PS is 
dependent on the increased avidity of 02GP1 for anionic 
phospholipids when cross-linked by 3G4. To verify this, an 
artificially generated hj32GPl dimer (27) was used to deter- 
mine whether dimeric /32GP1 can bind EC with exposed PS 
in the absence of 3G4. ABAE cells were treated with LPC to 
induce PS exposure and incubated with purified hj32GPl, 
h/32GPl dimer, or a mutant h£2GPl dimer containing a dis- 
rupted lipid binding domain. The cells were then washed and 
/32GP1 binding was determined with anti-)32GPl. As 
expected, binding of the monomeric h)32GPl to LPC-treated 
ABAE cells was negligible (Fig. 6A). In contrast, the hj32GPl 
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FIGURE 6. An artificial dimeric 02GP1 construct binds EC with exposed PS. AB AE cells were incubated for 30 
mln with 200 yM LPC in DMEM + 10% FBS plus purified H02GP1 monomer {A), h/32GP1 dimer (B), or a mutant 
h/32GP1 dimer unable to bind lipid (C). Cells were then washed, fixed, and incubated with anti-/32GP1 to detect 
h£2GP1 monomers and dimers. Finally, cells were stained with fluorescent markers; the cytoskeleton appears 
red; nuclei appear blue, and h/32GP1 -monomers and dimers appear green. D, the binding area of H/32GP1 
monomers and dimers was quantified using MetaVue software. All values are relative to the binding of h/32GP1 
dimers to non-LPC treated cells, which was arbitrarily set to 1 . 
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FIGURE 7. Model of 3G4/02GP1 binding to endothelial cell membrane surfaces with exposed anionic 
phospholipids. Single molecules of /32GP1 have low affinity for anionic phospholipid membrane surfaces 
with a dissociation constant of ~4 jam (32). Binding of 3G4 to two molecules of 02GP1 (via domain II of 
j32GP1) strongly enhances the avidity of the 3G4-/32GP1 complex for membrane surfaces with exposed 
anionic phospholipids (depicted as open circles in the lipid bilayer). The avidity of the 3G4-/32GP1 complex 
for anionic phospholipids may increase 1000-fold or more into the low nanomolar range (29, 30). 



dimer bound strongly to LPC-treated cells (Fig. 6B) but not 
to non-LPC-treated cells (Fig. 6D). Finally, binding of the 
hj32GPl dimer was dependent upon a functional lipid bind- 
ing domain, because the mutant dimer did not bind (Fig. 6C). 
These data indicate 3G4 binding to EC with exposed PS is 



primarily because of the enhanced 
avidity of dimeric /32GP1 complexes 
for PS. 

DISCUSSION 

The objective of this study was 
to characterize the interaction 
between the tumor vascular target- 
ing antibody, 3G4, and its anionic 
phospholipid target, PS. We dem- 
onstrated that the interaction 
between 3G4 and PS is serum-de- 
pendent, and we identified j32GPl 
as the serum co-factor required to 
mediate the interaction between 
3G4 and PS. 3G4 was originally gen- 
erated by immunizing mice with 
murine EC treated with H 2 0 2 to 
induce PS exposure (1). These cells 
were grown in FBS-containing 
media where bovine /32GP1 was 
likely associated with surface-ex- 
posed PS, leading to production of 
the 3G4 antibody. This is not sur- 
prising because many "anti-phos- 
pholipid antibodies" have been 
shown to require serum co- factors 
for lipid binding (32, 33). 

Similar to the ELlSA-based find- 
ings, which demonstrated that 
binding of 3G4 to PS-coated plates 
is /32GPI-dependent, the live cell 
binding assay showed that /32GP1 
is required for binding of 3G4 to 
EC with exposed PS. Interestingly, 
binding of hj32GPl to EC with 
exposed PS was negligible in the 
absence of ch3G4. This finding is 
consistent with reports that 
/32GP1 has low affinity for anionic 
phospholipid membranes under 
physiological conditions but in- 
creases — 1000-fold upon cross- 
linking with anti-j32GPI antibod- 
ies (29, 30). This suggests that 3G4 
also mediates the formation of 
divalent-multivalent J32GP1 com- 
plexes. Importantly, high concen- 
trations of 3G4 inhibited the bind- 
ing of 3G4-/32GP1 complexes to 
EC with exposed PS. The bell- 
shaped relationship between anti- 
body concentration and cell bind- 
ing raises the possibility that at high antibody concentrations 
an increasing fraction of monovalent antigen-antibody com- 
plexes effectively decreases the propensity of the multivalent 
complexes to bind EC with exposed PS (34). Indeed, 3G4 Fab' 
fragments incubated with cells in the presence of 02GP1 failed 
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to bind to anionic phospholipid membrane surfaces. Further 
evidence in support of the notion that bivalent /32GP1 is 
required for EC binding was obtained from experiments that 
showed that artificially generated dimeric 02GP1 molecules 
bound EC in the absence of antibody. Taken together, these 
findings support the hypothesis that 3G4 effectively in- 
creases the avidity of /32GP1 for anionic phospholipid sur- 
faces through the formation of multimeric /32GPl-antibody 
complexes (35, 36). 

We have shown previously that 3G4 has potent anti-tumor 
effects in mice (1, 2, 18). 3G4 used in these earlier studies was 
isolated from media containing bovine serum. In contrast to the 
3G4 isolated from serum-free media used in the studies pre- 
sented here, 3G4 isolated from serum-containing media binds 
PS-coated microtiter plates in the absence of exogenously 
added 02GP1 because the antibody co-purifies with bovine 
/32GP1. Indeed, fast protein liquid chromatography analysis of 
3G4 isolated from serum-containing media indicated that 
— 10% of 3G4 was complexed with bovine /32GP1. 3 Because 
bovine /32GP1 mediates binding of 3G4 to PS in the presence of 
mouse plasma, the presence of the bovine protein likely con- 
tributed to the anti-tumor effects of 3G4 observed in our pre- 
vious studies. As expected, good tumor localization is observed 
in mice when 3G4 is supplemented with excess hj32GPl. 4 
Moreover, specific localization of 3G4 to tumor vascular endo- 
thelium is observed in rats bearing syngeneic ATI prostate 
tumors in the absence of exogenous bovine or human J82GP1, 
because 3G4 binds the endogenous rat /32GP1 (37). 

In conclusion, the identification of /32GP1 as a critical co- 
factor for the interaction between 3G4 and PS enhances our 
understanding of this unique tumor vascular targeting agent (1, 
2, 18). Our findings show 3G4 binds EC with exposed PS by 
enhancing the avidity of /32GP1 for anionic phospholipid sur- 
faces through the formation of multimeric 3G4-02GP1 com- 
plexes (Fig. 7). This interaction likely enables 3G4 to target 
tumor vascular endothelial cells with exposed PS in vivo. 
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